Efficient supercoiling of DNA by a single condensin complex as revealed by electron spectroscopic imaging.
Condensin, a five-subunit protein complex essential for mitotic chromosome condensation from yeast to humans, introduces positive supercoils into DNA in an ATP-dependent manner in vitro. We report here the direct visualization of this supercoiling reaction by electron spectroscopic imaging. In the presence of ATP, a single condensin complex is capable of introducing two or more compensatory supercoils into the protein-free region of a closed circular DNA. Within the condensin-bound region, approximately 190 bp of DNA is organized into a compact structure with two distinct domains, indicative of the formation of two oriented gyres. The current results suggest that the action of condensin is more dynamic and more efficient than that postulated before, providing fundamental insight into the energy-dependent mechanism of higher order chromatin folding.